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Introduction

During the past decade there has been so fundamental an
advance in our knowledge of the reproductive processes and life

history of the Phaeophyceae, that it seems to exceed in importance

the change in viewpoint regarding any other group of plants during

the same period. The work which must so largely overturn our

ideas has mainly been done by European algologists, and has not

been followed up in this country by any confirmatory studies;

indeed, it seems to be little known. As each succeeding paper, and
several from independent sources have now appeared, confirms the

critical points of the others, it seems desirable at this time to review

the situation and to indicate the necessary changes in the classifica-

tion of the group. To date the only review in English of the studies

in question is a short one by Lewis (ii), written at an early stage.

Three have appeared in France, one by Constantin (i), and two

by Pechoutee (i6, 17), these latter of special value.

Historical
F

The pioneer in this field, to whom falls the honor of making the

first clear advance, is Sauvageau. Previous to the appearance of

the standard texts, he, with other workers, had cleared up the

normal life history of Cutleria, showing the relation of Aglaozonia

as the sporophyte stage, and showing the variations in the life his-

tory (parthenogenesis, etc.) which appeared under various conditions

(i8, 19, 22, 23, 24). Further, his studies on members of the

Sphacelariaceae and Ectocarpaceae have done much to help in the

understanding of those families (20, 21, 33). Most miportant in

the present connection, however, are his results from cultures of

Laminariaceae (25-30, 32). In 1910 Drew (2) described the

the
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frond as functioning as gametes^ and as producing a somewhat

filamentous stage from which the mature Laminaria was vege-

tatively developed. A paper by Killian (5) the following year,

in discussing the development and structure of Laminaria, agreed,

so far as it went, with the statements of Drew. This decidedly

unexpected phenomenon of the sexual fusion of what from their

origin should be zoospores met with considerable doubt, however,

and was attacked by Williams (37), who claimed that it was not

the motile zoospores of Laminaria, but other organisms, which had

been seen to fuse by Drew. The first of Sauvageau's papers on

the life history of the Laminariaceae appeared as a series on Sacco-

rhiza bulbosa (25, 26, 27). Here he showed that in the case of the

female the germinating zoospores from the unilocular sporangia

produce a one to few-celled filament. The cells of this filament

enlarge and emit a non-motile egg, which seemed to be fertiUzed in

situ at the aperture, where it developed into a young sporophyte.

The male plant is more complex, of five or six cells and slightly

branched, with several more or less clustered antheridia. Germina-

tion of the zoospores within the sorus in which they were formed

was seen, and it was found that the sporelings were both male and

female, demonstrating that the sporangia on one plant produced

both sorts-

Following this study appeared one on two species of Laminaria,

L, flexicaulis (L. digiiata) and L. sacckarina (28, 30). Sauvageau
found that in germination the chroma tophore of the spore divides

(the zoospore on attaching itself rounds up and forms a firm wall),

and one half passes into the germ tube as it elongates. The nucleus

also divides, and one daughter nucleus with a chromatophore

passes toward the inflated distal end of the tube, where it is cut oflE

by a transverse wall. The nucleus which remains behind dis-

organizes more or less rapidly, while the cell with the other nucleus

develops the gametophyte. Some of the male filaments are short,

but others are elongate and markedly branched, forming the anthe-

ridia laterally on the branches toward the end. One sperm is

formed in each antheridium, and the sperms are shed before the

female gametophytes in the same culture reach maturity. The
female gametophytes are from one to several cells in extent, all
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form eggs. Each cell swells^ elongates, and the

emerges through a terminal rupture

tuberance.

the base of

oogonium

observed

gametophyte. Actual fusion of the gametes

Promptly following the papers on Laminaria, Sauvageau pub-

lished a similar Study of Alaria esculenta^ belonging to a differ-

ent section of the same family. The gametophytes differed from

the previous cases in several particulars. The ^^embryo spore/'

or zoospore, which has passed into the resting stage, persists and

may give rise to a second filament opposite the first. The game-

tophytes are also larger, and the female has elongate cells, part of

which only seem to produce eggs. The fertile cells form irregidar

lobes instead of remaining of the usual simple ovoid form, but only

one egg is extruded from each cell. Sometimes the female thallus

is reduced to a single cell, as is not infrequent in Laminaria^ but

is more often of from two to four cells, with the terminal one becom-

ing fertile first, and then occasionally some of the others.

In the same year that the Laminaria and Alaria studies of

Sauvageau were announced (1916), Kyltn published a paper on

a'n independent study of the life cycle of Laminaria digitala which

confirmed the statements of Sauvageau in all essential respects (8),

KucKUCK (7) and Pascher (15) also later published confirmatory

accounts of studies on Laminaria saccharina. The latter describes

most
undivided

mi

zoospores. Finally, Ikari (4) described the gametophytes of

Laminaria religiosa, which are like the two species already studied

in most points, but at times have the antheridia in rows at the ends

of the branches of the thallus, and shed the sperm by a terminal

pore.

following Sauv

m account of the development of Dictyosiphon Joeniculaceus

,

demonstrated another unsuspected type of alternation. The

t plant of Dictyosiphon only produces unilocular sporangia.
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Sauvageau succeeded in getting good cultures in which the

zoospores germinated quickly to form a branched filamentous thallus

of considerable extent, reaching a millimeter in diameter and forming

hairs. When mature, cylindrical gametangia are formed with

two to twelve loculi. Each cell forms a single gamete. The

septae disappear before dehiscence, and the isogamous gametes

escape by a terminal pore. Conjugation was not observed, but

was undoubtedly present, for a part of the rounded up, quiescent

cells produced from the gametes had two nuclei and two chromato-

phores- Germination soon took place, and produced a short fila-

ment which in a few weeks gave rise to an erect thallus with the

essential structure of Dictyosiphon.

It is a matter of pecuUar satisfaction that the work of Kylin (id)

definitely shows Chorda to have the same sort of life history as

Laminaria. The vegetative similarities which this genus shows to

the kelps are not sufficient alone to place it in the same family, but

the demonstration of a precisely similar life cycle removes all

question of the relationship. The gametophytes are considerably

larger than those of Laminaria. Kylin was able to confirm the

cultural studies by some incomplete cytological details. In the

vegetative cells of the sporophyte tissue there are present forty

chromosomes. Reduction divisions take place in spore formation,

and are followed by two vegetative haploid divisions. Good

fixation was prevented by the paraphyses, and countable meta-

phases were not found, but synapsis, diakinesis, and other condi-

tions typical of the first reduction division were recognized. The

number of chromosomes was about twenty, although it could not

be determined precisely. In addition to the study of^the preceding

species, Kylin has given details of at least part of the life cycle of

several other genera in other families, which will be discussed in

connection with the changes in the classification of those families.

Recently Sauvageau has discovered what he believes to be the

gametophyte of Phyllaria reniformis in the tissues of Lithophyllum

lichenoides (32). Finally, there has appeared a preliminary note

by Williams (38) relating to a detailed study of cultures of Lami-

naria and Chorda^ with descriptions of the gametophytes of these

genera essentially as previously outlined. In addition, he men-
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tions having observed the fusion of the gametes and even of the

gamete nuclei of Laminaria^ completing the morphological evi-

dence of alternation of generations in that genus.

Classification

It now remains to be seen what effect these recent discoveries

will have on our ideas of the grouping of the genera of the brown

algae. The standard text on the brown algae to date is that of
r

Oltmanns (14), published in 1904-1905, The classification used

there differs from that of Kjellman of 1891 (6) in several features,

notably in the relnclusion of the Dictyotales in the Phaeophyceae

with the Fucaceae, and in the reduction of several groups of the

Phaeosporeae from the rank of families , including them under the

Ectocarpaceae. The classification accepted by Lotsy (12) is nearly

that of Oltmanns. A recent table by Schaffner (34) disregards

all the more recent discoveries, giving four orders in the Phaeo-

sporeae: Ectocarpales (isogamous), Laminariales (zoospores only)^

Cutleriales (anisogamous), and Tilopteridales (oogamous). In the

Cyclosporeae he includes Fucales and Dictyotales. The obvious

fact that only a small proportion of the genera known have been

fully studied, and even that some families are only understood in

the most fragmentary fashion, need not deter us from taking full

advantage of the knowledge which is at hand. It must also be

borne in mind in all cases that parthenogenesis and other kinds of

short cuts in the life cycle may be present, and may be so char-

acteristic of the ordinary propagation of the plant that the funda-

mental type of alternation upon which the classification is based

may be obscured.

The orthodox division into two major groups, Phaeosporales and

Cyclosporales, is still acceptable, provided the former is understood

to include anisogamous as well as isogamous forms, and a wide-

spread morphological alternation. The Cyclosporales include all

oogamous groups, and may show a reduction from a morphological

to a mere cytological alternation of generations. The first division

of the Class Phaeophyceae is then the

Order Phaeosporales. —This may be defined as having gametes

isogamous to anisogamous. It includes three suborders, as follows:
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Suborder Ectocarpineae.— Morphological alternation of similar

generations shown or inferred to be present.

Family i . Ectocarpaceae. —Reproductive organs formed by

the metamorphosis of all or part of a branch; growth of the free

filaments intercalary. This is the primitive family of the class. In

Ectocarpus the fusion of the elements from the plurilocular sporangia

as gametes has been known since the work of Berthold, Recently

Kylin (id) has reviewed the work on Ectocarpus, and contributed

a study of two species, E. siliculosus and E. tomentosus. It is to be

considered that the plants with sporangia (unilocular) and those

with gametangia (plurilocular) normally alternate in the life cycle.

Cases of abbreviation of this are well known, and peculiar conditions,

as in E. Padinae Sauv., have been reported (33). The thallus is

always primitively branching-filamentous, and intercalary growth

is typical, but this becomes localized in some species into definite

regions, while the hapteron branches and other attached or endo-

phytic parts grow apically. These features are of importance as

indicating the source of similar characters in the following families.

Family 2 . Tilopteridaceae. —Reproductive elements of two

kinds, small motile cells which may function as isogametes, and

larger non-motile cells often with more than one nucleus. These

latter cells are of two kinds according to some accounts, represent-

ing eggs without a membrane and but one nucleus, and mono-

spores with a membrane and usually four nuclei. The oogamous

character of this family has long been tentatively accepted, but

has never been proved absolutely. On the basis of vegetative

characters and an assumed isogamy, this family would stand in

close relationship to the Ectocarpaceae, but if oogamy is actually

present it would need to be placed in the Cyclosporales as a sub-

order Tilopteridineae preceding the Dictyotinieae, differentiated

by the thallus characters and the incomplete division of the spores.

For a discussion of literature see Kylin (9).

Family 3. Sphacelariaceae.— -Reproductive elements formed by

the metamorphosis of all or part of a branch, growth from an apical

cell. The originally monosiphonous filament usually divides up

by internal w^alls, and may develop a peripheral meristematic zone

producing a very considerable increase in thickness. Special vege-
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tative methods of reproduction are present in most forms. Sau-

VAGEAU (20) ' reports finding egg and sperm production on one

individual of Halopetris scopariaj but could only find one type of

gametangium in Cladostephus. If this observation is confirmed, it

will either force Halopetris into the Cyclosporales, a removal of the

whole family from its present position, or necessitate a wider inter-

pretation of the Phaeosporales. The family as understood here

includes the Choristocarpaceae of Kjellman.

Family 4. Asperococcaceae. —Reproductive organs formed by

the metamorphosis of, or as an outgrowth from, a superficial cell;

growth intercalary. This family corresponds to the Encoeliaceae,

Striariaceae, and Myriotrichaceae of Kjellman, the latter two

representing simpler forms with the same essential construction.

Plants are derived from a simple filament, becoming parenchymat-

ous, either cylindrical or flattened. All stages can be traced.

Gametangia with isogametes and sporangia are present, and con-

siderable portions of the life history are known, especially of Aspero-

coccus and Scytosiphon (10). The statement of Yendo (43) that the

products of the plurilocular sporangia of Phyllitis are not gametes,

but give rise to a microscopic gametophyte, requires confirma-

tion.

Family 5. Chordariaceae. —Thallus differentiated into axial

and assimilative filaments, branched, meristem localized; sporangia

replacing assimilative filaments or modified segments therefrom.

Essentially filamentous, the final short branches of the axial filaments

turn outward and form a close cortex rich in chromatophores.

Since both sporangia and gametangia are known in these genera,

the life history is probably the same as that of Edocarpus. The

Elachisteaceae of Kjellman represent a reduced epiphytic group,

and may best be included in the

Family 6. Desmarestiaceae.

metamorphosis of, or as an outgrowth from, a free (or corticating)

branch cell; growth trichothallic. The main axis in these forms is

ramified, and produces short corticating branches, as well as (in

some) delicate free ones. Little is known regarding the develop-

ment of these genera; unilocular sporangia only are present, and

there may be the same life history as in Dictyosiphon.

formed
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Family 7. Stilophoraceae. —Reproductive organs lateral on

special branched supports, thallus erect on the substratum. As

understood here, this family includes Kjellman's Stilophoraceae,

Spermatochnaceae, and Sporochnaceae. The sporangia are borne

on branched filaments developed from superficial cells of the thallus,

and both sporangia and gametangia are known. Parts of the life

cycle have been traced by Kylin (10).

Family 8. Ralfsiaceae. —Reproductive organs at least in part

lateral on special branched supports, thallus incrustating. Here

we may include with the Ralfsiaceae also Kjellman's Lithoderma-

taceae. In both the gametangia are borne laterally on special

branched filaments arising from the surface, but the sporangia are

only so borne in the Ralfsiaceae, in Lithoderma being but modified

surface cells. The life history is unknown from the experimental

viewpoint.

Suborder Dictyosiphonineae. —Morphological alternation of

dissimilar generations present or inferred, the sporophyte exceeding

the gametophyte in size.

Family Dictyosiphonaceae. —Characters of the suborder. The

forms are branching, have an apical cell, and differentiate axial and

cortical areas. The life history, worked out by Sauvageau (31),

has previously been described. This is a very important group,

as it indicates an intermediate step in the development of a micro-

scopic oogamous thallus, such as is shown in Laminaria.

Suborder Cutlerineae. —Morphological alternation of similar

or of dissimilar generations present, gametophyte when different

larger than the sporophyte; growth trichothallic.

Family Cutleriaceae. —Characters of the suborder. The life

history of this group is well known, thanks to the cultural studies

of Sauvageau, Church, and several others, and to the cytological

studies of Yamanouchi on Cutleria (40, 41) and Zanardinia (42).

The alternation shown by the cultural studies has been shown to

be associated with a haploid and diploid nuclear constitution, reduc-

tion taking place in the sporangia. In Zanardinia the two genera-

tions are essentially alike, but in Cutleria the reduced and flattened

sporophyte was long known as Aglaozonia^ and thought to be an

entirely different genus.
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Order Cyclosporales.— Plants of this order are strictly

oogamous.

Suborder Dictyotineae. —Morphological alternation of similar

generations present.

Family Dictyotaceae. —Characters of the suborder. The game-

tangia are aggregated into definite areas or sori, and the asexual

reproduction is by tetrasporangia, motile zoospores being replaced

by four non-motile elements. The life cycle of Dictyota is fully

known. Cultural studies showing the course of the development

have been made by Hoyt (3), and cytological studies by Mottier

13) and Williams (35, 36), showing reduction in tetraspore

formation.

Suborder Laminarineae.— Morphological alternation of dis-

similar generations present, gametophyte smaller than the sporo-

phyte.

Family Laminariaceae. —Characters of the suborder. Members
of this family are almost all large plants. Reproduction was

thought to be strictly by zoospores until Sauvageau showed that

the zoospores produced a microscopic gametophyte. The results

of the various studies have previously been described.

Suborder Fucineae. —Only cytological alternation of genera-

tions present.

Family Fticaceae. —Characters of the suborder. This family

fomis the spores within pits or conceptacles. Still inclosed, the

spores undergo a few cell divisions, or even only a few nuclear divi-

sions, forming the gametes which are then shed as egg and sperm.

Cytological studies have been made by several workers, including

Yamanouchi (39), confirming the morphological and cultural obser-

vations. This is the climax family of the brown algae, and repre-

sents the greatest reduction of the gametophyte possible while

still retaining an alternation.

The writer wishes to express his indebtedness for many helpful

suggestions to Professor I. F. Lewis, of the University of Virginia.

Marine Biological Laboratory
AND THE

University of Pennsylvania



440 BOTANICAL GAZETTE [December

LITERATURE CITED

CoNSTANTiN, J., Travaux

Bot. X. xxx-xxxvL 1919.

Ann, Sci. Nat.

2. Drew, G. H., The reproduction and early development of Laminaria

digitata and L. saccharina. Ann. Botany 24:178-190. 1910.

3. HoYT, W. D., Alternation of generations and sexuality in Dictyota dicho-

toma. Box. Gaz. 49:55-57. igio,

4. Ikari, J., Development of Laminaria religiosa Miyake. Bot. Mag.

Tokyo 2^:207-224. 1921.

5. KiLLiAN, K,j Beitrage zur Kenntnis der Laminarien. Zeitschr. Bot. 3 : 433-

494' 1911-

6. KjELLMAN, F. R., Phaeophyceae and Dictyotales. In Engler und Prantl,

Die Naturl. Pflfinzenfam. i': 176-297. 1891, 1893.

7. KuCKUCK, P., tJber Zwerggenerationen bei Pogotriohunt und iiber die

Fortpflanzung von Laminaria. Ben Deutsch. Bot. Gesells. 35:557-578.

1917-

8. Kylin, H.J Uber den Generationswechsel bei Laminaria digitata, Svensk.

Bot. Tidskrift 10:551-561. 1916.

9. —, Uber die Entwicklungsgeschichte und die Systematische Stellung

der Tilopterideen, Ber. Deutsch. Bot. Gesells. 35:298-310. 191 7.

10. ~——, Studien iiber die Entwicklungsgeschichte der Phaeophyceen.

Svensk. Bot. Tidskrift 12:1-64. 1918.

11. Lewis, I. F., Recent work on the life history of the kelps. Plant World

20:190-192. 1917. ^

12. LoTSY, J. P., Vortrage iiber Botanische Stammesgeschichte 1:257-306.

1907.

13. MoTTiER, D. M., Nuclear and cell division in Dictyota dichotoma. Ann.

Botany 14:163-192. 1900.

14. OltmannSj F., Morphologic und Biologic der Algen. Jena. 1 904-1 905.

15. Pascher, a., tJber diploide Zwerggenerationen bei Phaeophyceen (Lami-

naria saccharina). Ber. Deutsch. Bot. Gesells. 36:246-252. 1918,

16. Pechoutre, F., La sexualite heterogamique des Laminaires et la repro-

duction des algues pheosporees. Rev. Gen, Sci. 27:643-653; 688-692.

1916.

17. , Revue de Botanique. Rev. Gen. Sci. 30:242-250. 1919.

18. Saitv'ageau, C, Sur Taltemance des generations des Cutleria, Compt.

Rend. Acad. Sci. 129:555-558. 1899.

19. , Sur une nouvelle complication dans I'alternance des generations

des Cutlerias. Compt. Rend. Soc. Biol. 63:139-141. 1907,

20. , Sur la sexualite de Vllalopteris, Compt. Rend. Soc. Biol. 62:506--

507. 1907.

21. , Nouvelles observations sur la germination du Cladostephus verticil-

latus. Compt. Rend. Soc. Biol. 64:695-697. 1908.



1922] TAYLOR—PHAEOPHYCEAE 44T

T

22. Sauvageau, C, Sur la germination des zoospores de VAglaozonia melanoidea.

Compt- Rend. Soc, Biol. 64:697-698. 1908.

23. —
-,

Sur la germination parthenogenetique du Cutleria adspersa.

Compt. Rend. Soc. Biol. 64:699-700. 1908-

24^ , Nouvelles observations sur la germination parthenogenetique du
Cutleria adspersa. Compt. Rend. Soc. Biol. 6s:i65~i67, 1908.

25- ', Sur le developpement et la biologic d'une Laminaire {Saccorhiza

bulbosa), Compt. Rend. Acad. Sci, 160:445-448- 1915.

26. , Sur les debuts du developpement d'uue Laminaire (Saccorhiza

hulbosa). Compt. Rend. Acad. Sci. 161:740-742. 1915,

27. —'——, Sur la sexualite heterogamique d'une Laminaire {Saccorhiza

hulbosa). Compt. Rend. Acad. Sci. 161:796-799, 1915.

28. •, Sur les gametophytes de deux Laminaires {L. flexicaulis et Z. sac^

charina). Compt. Rend. Acad. Sci. 162:601-604. 1916.

29* , Sur la sexualite heterogamique d'une Laminaire {Alaria esculenta).

Compt. Rend. Acad. Sci. 162:840-842. 1916.

30- ', Sur les plantules de quelques Laminaires. Compt. Rend. Acad.

Sci, 163:522-524. 1916.

31- , Sur une noveau type d'alternance des generations chez les algues

brunes (Diciyosiphon foeniculaceus) . Compt. Rend, Acad, Sci, 164:829-

831. 1917.

32» —, Sur les plantules d'une Laminaire a prothalle parasite (Phyllaria

reniformis Rostof.). Compt. Rend. Acad. Sci. 166:787-789. 1918.

33. —, Nouvelles observations sur YEctocarpus Padinae Sauv. Compt.

Rend. Acad. Sci. 171:1041-1044. 1920. ^

34* ScHApjJVER, J. H., The classification of plants. XIL Ohio Jour. Sci.

22:129-139. 1922

Williams, J. L., S

sporangium and i

1904.

ytology

Ann. Botany 18:141-160.

36- , Studies in the Dictyotaceae. 11. The cytology

generation. Ann. Botany 18:183-204. 1904.

37. germination, Rept.

6S5-686

38. —, The gametophytes anc

Ann, Botany 35:603-607. 1921.

39. Yamanouchi, S., Mitosis in Fucus. Bot. Gaz, 47:173-196. 1909.

40. —
-, Cytology of Cutleria and Aglaozonia; a preliminary paper. Box.

Gaz. 48:380-386. 1909.

41. -, The life history of Cutleria. Box. Gaz. 54:441-502. 1912.

42. —, The life history of Zanardinia. Box, Gaz. 56:1-35- i9^3-

43 marm
Mag


